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The most effective fungicide formulations, rates, and method of application for reducing seed rot and seedling disease of watersown rice were determined in greenhouse and field studies. The efficacy of over 30 chemical formulations that had shown biological activity against Achlya klebsiana and Pylhium sp, in laboratory and greenhouse trials were tested. Difolatan ilD and captan treatments have consistently been the most effective in improving total stand establishment. Treatment by either slurry or spray mist with flowable formulations and allowing the fungicide to dry on the seed prior to the soaking process proved to be more effective in preventing seed rot and seedling disease than application made after soaking or by adding the chemicals to the soak water. Seed treated prior to soaking showed no detrimental effects from the chemicals after storage up to four months. Analysis of chemically treated seed before and after soaking and of the soak water revealed that substantial portions of the fungicide were lost during the soaking process. The benefits from fungicide seed treatment in water-sown rice are most obvious during the early planting season, when environmental conditions are often unfavorable for germination and seedling growth. (\Vebster et al., 1970a) . These diseases, although prevalent throughout the riceproducing areas of California, are generally more severe when temperatures during the planting season are cool and unfavorable for the growth and establishment of seedlings. In the past, growers have compensated for seedling loss by increasing seeding rates, and in severe cases many fields had to be partially or totally replanted. When replanting is necessary, stands obtained are usually less than optimum, and problems in uniform maturation within the limits of the California environment are frequently encountered. To obtain maximum production from the varieties currently used in California, it is important that fields be sown as soon after April 1 as possible, with the period between April 15 to May 10 considered the optimum. Unfortunately, it is during this time that conditions more favorable for rice seedling disease frequently occur.
The need for an effective, economically feasible rice seed treatment has been recognized for some time in California (Finfrock, 1957) and in rice-producing areas in the southern United States (Lamey, 1965; and Cralley and 'I'ullis, 1937) . Recent studies (Webster et al., 1970b) have shown that the practice of soaking the seed prior to sowing into flooded paddies introduces complications not experienced with seed treatment in other cereals. They also demonstrated that fungicide treatments are beneficial in assuring growers adequate uniform stands, provide a substantial savings through the use of lower seeding rates, and virtually eliminate the need to replant. This report is based on results 0 btained over the past five years from studies to determine the most effective chemicals, formulation, rate, time, and manner of application and effect of seed treatment on germination of rice seed. The effectiveness of rice seed treatment in relation to planting date has received prime consideration. Since previous practice has been to soak seed in a 1 per cent sodium hypochlorite (NaOCI) solution (Mikkelsen and Sinah, 1961) prior to planting, its continued use was also evaluated.
MATERIALS AND METHODS
Preliminary screening on efficacy of candidate fungicides was carried out in greenhouse and laboratory trials. Laboratory tests consisted of incorporating known to cause rice seedling disease. All fungicides showing some biological activity against the pathogens were included in subsequent trials in both the greenhouse and field.
Screening trials conducted in the greenhouse were done in unperforated seedling pots (8 inches in diameter and 4 inches deep). One to 2 inches of pasteurized soil was added to each pot which was then filled with distilled water, Zoospore suspensions of Achlya klebsiana and mycelial fragments of the Pqihium sp. were added at the same time that seed treated with the candidate chemicals was placed on the surface of the submerged soil. Per cent emergence through the water of plants from the seeds sown was used in determining effectiveness of the candidate fungicides. Similar screening was carried out with unpasteurized soil obtained from fields with known histories of seedling disease.
Foundation seed, obtained from the California Cooperative Rice Research Foundation, Biggs, California, was used throughout the studies. Ncw seed was obtained each year. Evaluation was made on Calrose, Colusa, and Caloro varieties.
For treatment, I-pound lots of seed were placed in a Lgallon capacity aluminum drum with fluted sides. The drum was attached at about 20 degrees from the horizontal to a constant speed motor that turned at about 60 rpm. An appropriate amount of each chemical was suspended in 18 to 20 ml of water and applied to the seed by spraying with a DeVilbiss atomizer. The seed was allowed to tumble for about one minute after the fungicides were applied and allowed to dry on a laboratory bench.
All trials reported in the tables were conducted in growers' fields under normal rice culture conditions usually with histories of difficulty in stand establishment. Different planting dates were used where possible for each trial. Galvanized screen, 8 mesh per inch was used in constructing 3-feet diameter rings, 1 foot deep for each plot. The rings were placed in fields after seedbed preparation but prior to flooding and covered with polyethylene sheeting to exclude non-experimental seed. After the field had been flooded and sown, the polyethylene covers were removed, and known numbers of seed treated with the candidate chemicals were hand sown into the test rings. When the field sites were ready, the test seed was covered with water and allowed to soak for 24 hours followed by draining for 12 to 24 hours to simulate actual field conditions. Per cent stand established was determined by removing and counting all plants that had emerged through the water in the rings 25 to 30 days after planting.
Viability determinations and effect of seed treatment on root and shoot development was carried out in the laboratory in germination chambers. Observations on plant development were also made in a. portion of the field trials; walkways were constructed around the rings so that the plants could be observed without walking in the field and muddying the water.
R-esidue analysis was carried out by standard methods developed and performed in the Department of Environmental Toxicology, University of California, Davis. Statistical evaluation was based on Duncan's Multiple Range test. 
RESULTS AND OBSF:RVATIONS

Application rates compared
Captan and thiram were registered for use as rice seed treatments prior to the beginning of our studies. Thus, the rate of application as indicated on their respective labels was used as a starting point for comparisons between various rates of application and commercially available formulations. Difolatan was tested at similar rates, although not registered for use on rice at that time.
Trials comparing flowable formulations of captan and difolatan and a water suspension formulation of thiram (Arasan 42S) were carried out in 1968 at the Biggs Rice Experiment Station. As seen in table 1, difolatan treatments resulted in the highest per cent increase of emerged plants, and treatment with 2 oz/cwt active chemical was as effective as treatment with 4 or 6 oz/cwt.
Since differences in effectiveness of the fungicides could be due to differential adherence to the seed during soak- 'l'@). All treatments in these trials contained 2.4 ounces active ingredient of the fungicide per 100 pounds of rice seed. As seen in tables 2 and 3, captan treatments at 2.4 oz/cwt were usually more effective than the equivalent thiram treatments. In general, the treat- 
Capta n flowable + Rhoplex ..
Arasan 428 + Rhoplex .__ . 
Residue analysis
Since treatments at various application rates provided near equal per cent emergence, it was important to determine if the differences or lack of differences between application rates was due to differential effectiveness of the fungicides or to differential retention of the chemicals on the seed during soaking and planting. To do this, known amounts of seed treated as described under Methods, were soaked for 24 hours and the soak water drained off and frozen until analysis for eluted fungicide was made. The seed was washed with appropriate solvents, and the amount of fungicide remaining after soaking was determined by techniques developed in the D.C. Davis Environmental Toxicology Laboratory for each of the chemicals. The results obtained from representative samples are summarized in table 7. It is evident that sub-* Seed treated in I-lb. lots, allowed to dry, then soaked in plain water for 24 hours and drained prior to resid ue analysis. stantial portions of the fungicides were lost during the soaking process and that the Evershield formulations resulted in the highest percentage of active ingredient retained through the soaking process. No significant differences in retention of fungicide in treatments including other adherents and the commercial formulations of the fungicides were detected at levels and methods used here.
Eu ng icid o Rate
OZ./Clct.
Capta n SP __ .. _.. 
Manner and time of treatment
Development of seed treatment procedures for water-sown rice is complicated by the standard grower practice of soaking seed rice in bulk tanks (about 1,000 pounds) for 24 hours followed by a 24-hour draining period before sowing. Thus, the protectant chemical must adhere to the seed in effective concentrations throughout the soaking and planting process to be effective during the initial period of seed germination and seedling establishment. Seed preparation and planting would be greatly facilitated if the protectant chemical could be applied to the seed during the soaking process. Difolatan, captan, and Arasan 42S were tested, therefore, and compared at 4 oz/ewt with (a) treating before and (b) treating after the soaking process (table 8) .
Results indicated that application prior to soaking produced the best total stand establishment.
Treated and untreated seed of three varieties were tested at weekly intervals in the laboratory to determine effects on germination of time of treatment. Re- sults of these comparisons between untreated and treated seed of Coloro, Colusa, and Calrose treated with 2.4 and 4.0 oz/cwt of captan, arasan 42S, and Difolatan were similar after 130 days storage. In all cases germination of both treated and untreated seed did not drop below 93 per cent. Thus, it is concluded that seed rice may be treated at convenient times and held in storage -eliminating objectionable delays during the rush of the planting season.
Measurements of the length of the hypocotyl and radicle produced by germinated, treated, and untreated seed were made after seven days. No sig-nificant differences were noted when Coloro, Colusa, and Calrose seed treated with 2.4 oz./cwt or 4 oa/cwt active ingredient of captan, Difolatan, and thiram were compared with their respective untreated controls.
Effects of different planting dates and locations
Earlier studies (Webster, et al., 1970a) on the nature of rice seedling disease indicated that severity is substantially influenced by adverse weather conditions, also that the disease is more severe in some fields than others. The efficacy of captan, thiram, and Difolatan in improving stand establishment was tested in various locations and at different planting dates to compare a variety of environmental effects.
Results for the 1970 tests presented in table 9 substantiate' conclusions that chemical seed treatment enhances stand establishment and reduces the need to replant. Benefits of seed treatment arc most obvious early in the planting season, when more adverse conditions for plant establishment are usually encountered. As the season progresses and weather conditions become more favorable for seed germination and gro,vth, the differences in stand established between treated and untreated seed diminished. There was little change in total survivors where chemical treatment was used, while the numbers of survivors in the untreated checks usually increased as the season progressed, 
The sodium hypochlorite soakwith and without fungicides
In the past, California rice growers have routinely added 1 gallon of a 5.25 per cent solution of NaOCI per 100 gallons of soak water. This practice is based on the demonstration that rice seed contains a number of organic chemicals that delay germination (Mikkelsen and Sinah, 1961) and that the sodium hypochlorite alters or reduces their concentration allowing faster germination and seedling growth. With the advent of fungicide seed treatments, it was necessary to evaluate the feasibility of continuing this practice, particularly with fungicide-treated seed. Subsequently, both water-soaked and NaOCIsoaked controls were included in most of the field trials. Comparisons between untreated and fungicide-treated seed soaked with plain water or NaOCl are summarized in table 1. The addition of NaOCl to the soak water was detri-697 mental when seed was treated with thiram. Table 10 shows comparisons of untreated seed soaked in plain water or NaOCI solutions of the same concentration normally used by growers. There was no observable benefit from the use of the NaOCl solution, and in most cases it appeared to reduce total plant stand established under field conditions.
DISCUSSION
Since available reports on cereal seed treatment deal mainly with total stand established and are usually not related to actual number of seeds originally planted, it is difficult to compare the results reported here with those obtained on other crops. However, the relationship between commonly used seeding rates and per cent stand establishment obtained here with seed treatment merits some comment, For instance, a seeding rate of 150 pounds per acre would result in approximately 50 seeds per square foot, not excluding levies and roadways overlapped by the aircraft during the seeding operation. If one ignores factors other than seedling disease that affect stand establishment in water-sown rice, 70 or more per cent establishment of Difolatan-treated seed would be more than adequate to obtain maximum yields with California varieties and conditions. It is not possible, however, to ignore such factors as wind drift, algae formation, slick seed beds and invertebrate pests. We have demonstrated in large-scale aircraft-sown trials, however, that nearly the same per cent increase in plants per square foot was establishcd with treated seed as was demonstrated in the smaller ring trials. On the other hand, we detected no significant differences in yield per acre between stands of 10, 20 or 30 plants per square foot.
Thus, the major benefits in chemical treatment of water-sown rice are due to the following (1) cost savings from reduced seeding rates and planting far exceeding the cost of treatment per acre; (2) more uniform stands and subsequent higher yields; and (3) elimination of the occasional needs to replant some fields.
Since the results presented here indicate that both Difolatan and captan treatments result in higher per cent stand established, and higher percentages of chemical are retained on the seed through the soaking process, we anticipate that the use of thiram will be discontinued as a rice seed treatment. A comparison of Difolatan with captan, showed that Difolatan is clearly the most effective. Either Difolatan or captan applied prior to soaking as flowable formulations at rates specified on their respective labels and allowed to dry on the seed, will consistently provide rice growers insurance against poor stands due to seed rot and seedling disease.
Tests on effects of adherents, although limited, indicated that they did not enhance the effectiveness of the flowable formulations. This was generally true of the Evershield CM® formulation containing captan. However, since Evershield C'M treatments appeared to be as effective as flowable eaptan treatments, the advantage to the grower and the environment may lie in the use of the Evershield formulation. This observation is based mainly on the residue analysis which indicated that lower initial application rates are required to obtain equal amounts of active chemical on the seed after the soaking process; thus the amount of fungicide released into settling ponds by drainage of soak water at seed processing plants is minimized.
